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This paper reports a case of a person who enjoys good
hearing in spite of the destruction of the ' sound-conducting'
mechanism of both ears. When she first came under our
observation, in the summer of 1906, her auditory acuity was
such that a group of acquaintances who had been her constant
associates for several weeks had not suspected any auditory
impairment; and at the present time, although the condition of
her hearing is not as good as it was then, it is still acute enough
to enable her to carry efficiently forward her work as a teacher.

The statement that efficient hearing is still possible after
both drum membranes have been destroyed and the larger
ossicles removed comes as a surprise to those whose attention
has not been previously directed to the pathology of the ear.
It means that the account which Helmholtz gave of the mechan-
ism of sound-conduction is untenable, at least as regards his
theory of the sound-intensifying function of the tympanic mem-
brane. Dissatisfaction with this theory has been rife in oto-
logical circles for some years, owing to its inadequacy when
confronted by the facts of aural pathology. Beckmann* in

1 The MS. of this article was received April 8, 1907.
*'Znr Theorie des HBrens,' Verhandl. der deutsche otol. Ges., 1898. See

Treitel, 'Recent Theories of Sonnd-conduction,' Archives of Otology, 1903, p.
385. Treitel gives an admirable summary of the literature up to 1902, and con-
cludes that the problem of the middle ear has not yet been solved.
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1898 went the length of maintaining that the tympanic appa-
ratus is not a sound-conducting device, but is merely a damping
mechanism. Zimmermann1 also substitutes a damping for a
transmitting function, but holds, contrary to Beckmann, that
the damping operates only with sounds of unusual intensity.
He assumes that the sound waves are transmitted by air con-
duction across the tympanic cavity to the promontory wall, and
thence through bone to the basilar membrane fibers. It is the
function of the round window to make possible the most subtle
reaction of these fibers. The ossicles and the stapedius muscle
serve to regulate the intra-labyrinthine pressure. Secchi2 finds
in the round window the sole pathway for sound through the
tympanum to the labyrinth. The tympanic membrane and
ossicles together with the intrinsic muscles protect the inner
organs against detonations and also serve to regulate the intra-
tympanic pressure during attentive hearing. Of the defenders
of modified forms of the Helmholtz theory, Bezold and Lucae
are the most able and active. They are agreed that for high
tones conduction through the larger ossicles is of little impor-
tance. Lucae5 insists that the round window as well as the
plate of the stapes is capable of receiving sound-waves. Both
movements could exist together, a compensatory opening for
minimal pressures produced by the inward movement of the
stapes being found in the aquaeductus vestibulae, and for the
fenestral membrane in the aquseductus cochleas. Bezold4 does
not hold to the Helmholtz account of the sound-intensifying
action of the drum membrane, but he contends vigorously for
the theory of conduction through the ossicular chain. When
the skull is set in vibration by direct contact with a sounding
fork, the labyrinth as well as the chain is actuated, yet only
those waves are effective which, on their way to the labyrinth
have actuated the chain to transverse vibration. The function

1 In addition to the articles summarized by Treitel, cf.' Der physiologische
Werth der Labyrinthfenster/ 1904, Arch.f. Physiol., Suppl. Bd., S. 193. Also
S. 409 and S. 488.

* Arch.f. Ohrenheilk., LV., Heft. 3-4. Cf. Treitel, /. c.
»Arch.f. 'Physiol., 1904, Suppl. Bd., S. 490.
'"Weitere Untersuchungen uber 'Knochenleitnng' nnd Schallleitnngs-

apparat im Ohr.," Zeits.f. Ohrenheilk., XLVIII., 107.
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of the tympanic mechanism is the conversion of longitudinal
sound-waves into transverse vibrations, which alone are capable
of setting into sympathetic vibration the receiving apparatus of
the cochlea. Bezold is reported as saying " that there is no
hearing for the lower half of the tone scale without a tympanic
membrane and an ossicular chain, and that in the case of the
upper part of the scale the sound-waves are transmitted to the
labyrinth by vibrations of the stapedial foot-plate."2 The
earlier part of this conclusion is controverted by the existence
of such cases of audition as the one here described.

Thirty-six years ago, when Miss Evans, as she may be
named, was five years of age, a siege of scarlet fever left her
with a middle-ear discharge (suppurative otitis media) which
ruptured both ear drums. In the right ear this chronic dis-
charge has never healed: and in the left, except for two brief
periods of temporary cessation, it continued until the fall of
1906. During girlhood the only method of treatment which
was tried, that of syringing, proved very painful and was little
used. The earliest aurist's record available was furnished by
Dr. Clarence J. Blake, otologist of the Harvard Medical School,
who treated the case in 1888-90. His records show partial de-
struction of both drum membranes at that time. " Hearing was
effected by direct transmission of the sound waves to the base
plate of the stapes. There was no evidence of cochlear involve-
ment." An accumulation of cicatricial adhesion hindered the
free vibration of the stapes, so that hearing was considerably
below normal. (Note that the decreased acuity is not explained
by reference to the condition of the tympanic membrane or the
'sound-conducting' mechanism. Dr. Blake says: " I n the
great majority of suppurative cases the decreased mobility of the
stapes either from altered position of the ossicular chain or from
tissue changes within the fenestral niche is the essential thing.")

In 1898, Dr. M. D. Jones, of St. Louis, operated upon the
right ear, removing the remnant of the tympanic membrane,
the accumulations of cicatricial adhesions and the two larger
ossicles which had become much necrosed. No operation has
been performed upon the left ear, but the incus has been lost

8 Hartmann, in report of German otological societj in Wiesbaden, May 29
and 30, 1903. Archives of Otology, XXXII., 286.



332 W. V. D. BINGHAM.

and the drum membrane is almost totally destroyed. In each
ear the stapes is imbedded in an accumulation of scar tissue,
and in the right, poorer, ear is completely hidden from view.
The Eustachian tubes are completely closed at times, prevent-
ing the draining of the mucous of the middle ear into the throat,
and causing an accumulation which interferes with hearing.
Miss Evans states that her hearing varies with her general nerv-
ous condition.

In August, 1906, at the time of making the first of the audi-
tory tests here reported, the ears were discharging very slightly
and were therefore probably at their best as to function. Dr.
J. B. Shapleigh, of St. Louis, who has had the case under ob-
servation for the past two years, informs me that usually " im-
provement in the local inflammatory conditions in these cases
brings better hearing, but it is not uncommon to find that when
all secretion ceases and the ear becomes dry, the hearing be-
comes less. This is undoubtedly due to the dry tissues being
more rigid and stiff than when moist since with a recurrence of
slight discharge an increase in hearing is noticed." These vari-
ations in hearing doubtless have their cause in " the varying
mobility of the stapes and the membrane of the round window,
but especially of the former. In many cases of exhausted
middle ear suppuration with large loss of the drum membrane
and with absence of the incus — the conducting chain being thus
broken —very fair hearing may exist, provided the stapes is
freely movable and not hampered by adhesions or thickened
tissue in the niche of the oval window." A considerable dimi-
nution in Miss Evans' hearing ability has taken place since she
was tested in the summer of 1906. This is due, however, to a
recurrence of the old inflammation of the membranes brought on
by a severe cold, and is not traceable to a complete cessation of
the discharge with consequent lack of the moisture which seems
to be essential for maximum flexibility of the annular ring of
the stapes and the membrane of the round window. No use is
made of ' artificial drums' or other mechanical aids to hearing.1

1 The.best ' artificial drums ' so called are mere pledgets of cotton, deftly
adjusted to increase the pressure upon the stapes to precisely the right amount
Sometimes, when the drum membrane is lacking, a bit of vaseline placed upon
the head of the stapes serves to weight it properly and considerably augment
hearing.
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In the laboratory Miss Evans was first tested in auditory
acuity, tonal limits, pitch discrimination, localization of sound
and analysis of clangs. It is regretted that, owing to the brief
period which elapsed between the discovery of the case and the
necessary departure of Miss Evans from the city, some of the
tests had to be rather fragmentary. Six months later it was
possible to make a few supplementary tests which were directed
in part to determining whether the subject's general sensitivity
is supernormal. Some additional data were also gathered on
the hearing of difference-tones.

In this connection it ought to be remarked that cases of audi-
tion somewhat resembling this one are not of extremely rare
occurrence in the records of otological clinics. The additional
features which give to this case an especial value for purposes
of experimental observation are to be found in the high intel-
ligence, the more than ordinary powers of concentration, and
the facility in introspection which the observer, brought to her
tasks.

The Rinn£ test was negative: that is, a sounding fork which
had become so faint as to be no longer audible by air conduc-
tion could be heard again if placed against the mastoid process
of the temporal bone. The Weber phenomenon was prominent;
when a vibrating fork was pressed against the top of the head,
the sound was localized in the right, poorer, ear, even when the
fork was placed much nearer to the better ear. Such results
indicate that the hearing defect is due to trouble in the mechan-
ism of the middle ear and not in the sound-receiving apparatus
of the cochlea.

In testing auditory acuity, the Seashore audiometer was used,
and also the whispered-word test. The audiometer gives a
simple noise of fairly constant quality and of an intensity varying
from o to 40 units of an arbitrary scale. The normal threshold
lies somewhat below the middle of this scale. Eight students
with apparently normal hearing were tested at the same time
with Miss Evans, and their thresholds of acuity were found to
range between 15 and 25.' At the first day's trial Miss Evans'

1 On the standard instrument of the C. H. Stoelting Co., an acute ear can hear
intensity 13. A comparison of our instrument with this standard, after the tests
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threshold was determined as 26 for the left ear and 28 for the
right. Later this was reduced to 25 and 27.

Since it sometimes occurs that good hearing for conversational
speech is accompanied by poor hearing for certain simple noises,
and vice versa, the audiometer test was supplemented by the
whispered-word test. For determining comparative auditory
efficiency in this way, Andrews l has prepared ten lists of ten
numerals each, which contain the different varieties of conso-
nant and vowel speech elements in much the same proportion in
which they are found in spoken language. The use of numer-
als presents the advantage of uniform apperceptive value for all
observers and for all the words. This is so well recognized
among aurists that whispered or spoken numerals are almost
universally employed in diagnosis. The traditional method of
using this test is to determine the maximum distance at which the
observer can hear the numerals. Auditory acuity is expressed
by a fraction of. which this distance is the numerator and the
normal distance is the denominator. For purposes of accurate
determination, Andrews criticises this method on the ground
that its validity rests on two assumptions which his experiments
have led him to question; first, that intensity of the sounds of
speech decreases with approximate regularity as the distance
from the speaker increases; second, that the sounds used as
test words undergo with change of distance merely a quantita-
tive and not a qualitative alteration. As an improvement upon
this ' method of extreme ranges,' Andrews recommends the
' method of degree of accuracy,' in which auditory acuity is
determined by comparing an observer's percentage of accuracy
at a given distance with the normal percentage at the same dis-
tance under identical acoustical conditions.

Andrews' lists of numerals were pronounced to Miss Evans
and six control observers at the same time. They were seated
with the left ear toward the speaker, Miss Evans being given

had been made, showed that the magnet of the telephone receiver had lost some
of its strength, and that in consequence the click was not quite as lond as it
should be. .This point should be borne in mind if comparisons are made be-
tween the figures given above and readings taken with other audiometers.

1 Am. Jour. Psy., 1904, XV., 36.
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the central position. Each was provided with paper on which
the numbers were recorded as heard. If the observers had been
tested separately it would have been possible to have them hear
the words from identically the same place in the room ; but that
plan would have sacrificed something of uniformity in enunci-
ation. Even when the usual precautions, of using the residual
breath after exhalation, etc., are taken, some differences in
intensity must still remain. In the method here used, these
inequalities were minimized. Accidental distractions, such as
outside noises, were also the same for all the observers.

At a distance of three feet Miss Evans' degree of accuracy
was 97.5 per cent. That of the others varied from 98.5 per
cent, to 100 per cent., only one observer hearing every syllable
correctly. At fifteen feet Miss Evans heard 70 per cent, cor-
rectly, while the record of the others varied from 88 per cent,
to 99.5 per cent., the average being slightly less than 95 per
cent. These figures show clearly by how much Miss Evans'
hearing is less than normal. It would be entirely incorrect to
characterize her as • hard-of-hearing.'

The question may arise whether in Miss Evans' case the
auditory nerve may not be more sensitive than that of the aver-
age person. Tests made in several different sense realms
failed to disclose any general hypersensitivity. Both eyes are
very slightly astigmatic and far sighted. Bright illumination
is often painful. Tests with an oculist's chart showed that the
visual acuity of the left eye was normal and that of the right
eye a very little less than normal. Sensitivity to differences of
brightness was tested by means of a Masson disc rotated in an
illumination of diffused daylight. Miss Evans pointed out a
gray ring which differed from the background in brightness by
1/150 and was uncertain as to the next ring which differed from
the background by 1/214. The four other observers tested at
the same time pointed out both of these rings correctly, and one
saw a ring which was even fainter. Miss Evans' sensitivity to
differences of brightness is then certainly not supernormal.
Tests in matching Holmgren worsteds disclosed an unusually
well cultivated color discrimination. ^Esthesiometer tests on
the forearms revealed nothing unusual in her tactile discrimina-
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tion of two points ; and tests with small lifted weights indicated
no peculiar muscular sensitivity. The only tests which point
to a sensitivity above the average were with the Cattell algom-
eter. The transition from the sensation of ' pressure' to that
of • pressure-plus-pain' was unambiguous. The threshold on
the nail of each index finger was 1 kg. (average of six tests at
different times; average deviationt .1 kg.). On the right thumb
nail the threshold was 1.5 kg . ; on the left, 1.2 kg . ; on the right
and left temples, each 1 kg. While these results do not fall
within the range of hyperaesthesia, they are belowthe average
for women.

Although Miss Evans manifests no general hypersensitivity,
it is natural to suppose that her auditory sensitivity has been
developed to a high degree during the many years of middle-
ear difficulty when it was necessary to exercise more than ordi-
nary efforts of auditory attention.

In testing for the upper tonal limit, an Edelmann-Galton
whistle was used. If Edelmann's calibrations on this particular
pipe hold good for the light bulb-pressure used, and for the pre-
vailing barometric pressures and temperatures of Chicago, a
majority of observers can hear tones of from 44,000 to 49,000
vibrations per second (the pipe-length being from 0.32 mm. to
0.16 mm. and the width of lip 0.62 mm.). These are, roughly,
the pitches_/"8 and g%. Miss Evans heard on the first day tested
22,000 vibrations (2.17 mm. with same width of lip) with the
right ear, and 24,000 vibrations (1.87 mm.) with the left. These
tones are not far iromj71 and g7. A few days later Miss Evans
could hear 32,000 vibrations (1.01 mm.) with the left ear.
While this is half an octave below normal, it is well within the
range where perfectly healthy ears of middle-aged persons often
reach their higher limit.

The lower limit for the left ear was below 32 vibrations or
within an octave of normal. With the right ear no tone could
be heard from any of the Appunn forks, the smallest of which
gives 64 vibrations. At the organ, it was possible to hear a
pipe of 64 vibrations with this ear, if the swell box was open but
not otherwise. When three pipes were sounding pedal C of the
contra-octave, 32 vibrations, the observer could detect a sound
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with the better ear closed, but it is probable that what she heard
was a clang of upper partials. One of these same low pipes
sounding singly could barely be heard with the better ear at a
distance of 25 feet, while two other observers could hear it at
70 feet. In these tests it required an appreciable length of time
for Miss Evans to decide whether a pipe were sounding or not.
With pitches and intensities near her lower limit of hearing, her
discrimination time was often as long as a second and a half.

A test for the integrity of the scale between 32 and 32,000
vibrations revealed no discontinuities or tonal islands. A series
of tests to discover the fundamental tones of the tympanic cavi-
ties which the absence of an accommodatory apparatus would
make prominent was not completed.

Miss Evans has not a ' musical ear,' and had had no prac-
tice in pitch discrimination. When first tested she made errors
in gross musical intervals ; but with a little practice she devel-
oped considerable accuracy in telling which of two tones was
the higher. On the third day she was able to discriminate cor-
rectly differences of one vibration per second (1/32 tone) from
c1 of 256 vibrations. In these tests heavy Koenig forks mounted
on resonators were used. It is much easier to approximate uni-
formity of intensity with these than with the unmounted forks
sometimes employed.1

In the tests on clang analysis, the chief interest centered
about the hearing of difference-tones. It will be recalled that
a tone arising from the simultaneous sounding of two tones from
independent sources does not actuate a resonator tuned to its
vibration rate; consequently it must have its origin within the
ear. To account for these so-called subjective difference-tones,
Helmholtz advanced the theory that the asymmetrical form of
the tympanic membrane necessitates that when it is set in vibra-
tion by two different sounds it must vibrate also at a rate equal
to the difference between the rates of the two primaries, and

1 Such instances as this one, where excellent discrimination of small pitch
differences accompanies a total lack of natural musical ability and interest, call
attention to a fallacy involved in Seashore's suggestion of using rough tests of
pitch discrimination in determining whether a public-school pupil has a suffi-
ciently ' musical ear' to make it worth while for him to be given any musical
education. {Univ. 0/Iowa Studies, II., 55, and Educ. Rev., XXII., 75.)
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thus generate the difference-tone. A secondary hypothesis
based upon the looseness of articulation between malleus and
incus was held to be applicable when the primaries are very
loud. Later workers in this field, notably Stumpf, Ebbinghaus,
ter Kuile, Max Meyer, Hurst and Ewald, have developed
theories of audition which seek to explain the facts of differ-
ence-tones by a mode of functioning of the structures within the
inner ear, but no one of these theories has succeeded up to the
present time in commanding general assent by meeting all of
the facts.

Recently K. S. Schaefer1 has shown that a telephone dia-
phragm will generate difference-tones which set in vibration
properly attuned resonators; and the suggestion has been made
that Schaefer's experiments point toward a rehabilitation of
the Helmholz theory that subjective difference-tones take their
origin in the tympanic membrane.

An instance of good audition in which the tympanic mem-
branes and larger ossicles are lacking presented the opportunity
for a crucial experiment. The results were unequivocal: Miss
Evans hears the so-called subjective difference-tones.2

For preliminary practice use was made of small Qiiincke
tubes and high-pitched organ pipes. The observer was soon
able to distinguish the first and second difference-tones. Then
she was set the task of tuning a Stern tone-variator to unison
with the lower difference-tone arising from two organ pipes
actuated from independent sources of wind supply. On the
first trial she succeeded. The second trial was a failure, the
variator being tuned not to the pitch of the difference-tone, but
to a pitch closely consonant with it. The observer was much
fatigued by the taxing strain of these experiments, and her error
is not surprising, especially when one considers the dissimilarity

1' Ueber die Brzeugang physikalischer KombinationstSne mittelst des
Stentortelephons,' Annalen der Physik, 1905, XVII., 572.

2 Dennert, in reporting his experiments with interruption-tones (' Akustisch-
physiologische TJntersuchungen,' Arch.f. Ohrenheilk., 1887, XXIV., 173), says:
"Ich habe nun Patienten ohne Trommel fell, anch solche ohne Trommelfell,
Hammer und Amboss, mit nnr erholtenem Steigsbagel, anf dieses Verhalten
hin geprlift und gefnnden, dass sie ebenfalls Combinationstb'ne horen.'' Unfor-
tunately he gives no further information regarding the hearing of his patients
or the manner in which the tests were made.
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of timbre between the difference-tone and the objective tone of
the variator.

On the following day the procedure was varied in two par-
ticulars. Heavy Koenig forks mounted on resonance-boxes
were used to produce the primary tones, and the observer,
who never sings, was asked to choose on a harmonium the
tones corresponding to the first and second difference-tones.
She would begin with the lowest note on the harmonium and
try each one in turn until she found the desired pitch. While
the observer was searching for the correct pitch the experi-
menter was careful to stand out of her field of view, to exclude
the possibility of an unconscious choice on the basis of some
involuntary movement on his part. At another time the ob-
server was told that among the thirty odd forks before her were
two which had the same pitch as the difference-tones, and she
was asked to find them. In all of these tests she was uniformly
successful.

The pitch-numbers of most of the forks used were in simple
ratios, so that the difference-tones were in close harmonic rela-
tion to the primaries. Lest it should be objected that the
observer, knowing in a vague way what was expected, had
sought among the available tones until she found the ones that

fused most perfectly with the primaries, two forks were selected
whose vibration rates were as 5 to 7. The lower difference-tone
would then be 2, and the higher 3. If the observer were
selecting her tones on the basis of fusion she would have chosen
the lower octaves of the primaries: but as a matter of fact she
tried these when she came to them and rejected them as
promptly as any of the others.

The successful issue of these experiments shows] that sub-
jective difference-tones may be generated without the aid of the
tympanic membrane or any mechanism of the middle ear. This
in no way reflects upon Helmholtz's mathematical proof that
asymmetrical membranes must vibrate under the influence of
two sound-waves of sufficient amplitude in such a manner that
one, two or more additional pendular vibrations are generated.
But it does prove that such an explanation is not an adequate
account of the phenomenon of subjective difference-tones.
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The question at once arises whether the tympanic mechanism,
while not essential to the hearing of difference-tones, may not
augment them. It is conceivable that combination-tones may
have a physical origin within the labyrinth, as Schaefer urges,1

and also in the tympanic mechanism, as Helmholtz held. It is
possible that wherever two sonorous vibrations of sufficient
amplitude simultaneously actuate the same body, they may
generate a pendular vibration of a rate equal to the difference
between their rates. Lord Rayleigh is authority for the state-
ment that practically all bodies manifest the required asymmetry
even in the case of aerial vibrations. He says, " Whether we
are considering progressive waves advancing from a source, or
the stationary vibrations of a resonator, there is an essential
want of symmetry between the condensation and rarefaction,
and the formation in some degree of octaves and combination-
tones is a mathematical necessity." *

It was thus desirable to establish whether, in comparison with
observers who possess tympanic membranes, Miss Evans is able
to hear difference-tones relatively as well as she hears the
primaries.

An attempt to determine this point was made when, in
February 1907, an opportunity occurred to perform some addi-
tional tests. As has been already indicated, Miss Evans' hearing
had considerably diminished since the first experiments were
made. The audiometer showed an acuity of 31 and 4O(?)
instead of 25 and 27. Whispered words were heard with diffi-
culty at three feet which had been heard at fifteen feet. The
upper tonal limit was reduced to 3.45 mm. and 4.46 mm.
(17,000 and 14,000 vibrations). The lower limit for the better
ear had risen to 48 vibrations. Bone conduction for tones of
64 and 128 vibrations was as good as before, if not better; but
the negative Rinne was greater in each case.

The procedure adopted was as follows: two mounted forks
were selected whose vibration numbers were 768 and 896, a
ratio of 6 to 7. Miss Evans correctly located the pitch of the

1 'Eine neue Erklarung der subjectiven Cotnbinationstone,' Arch./, d. ges.
PhysioL, LXXVIII., 505.

• The Theory of Sound, second edition, 1896, Vol. II., 459.
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lower, louder difference-tone. By means of two auscultation
tubes leading from a common stem, Miss Evans and a control
observer well trained in auditory discrimination listened to the
sound of the same fork. The experimenter, by moving the
mouthpiece of the tube to and from the resonating box of the
fork could make the sound appear and disappear irregularly.
The observers, who were seated back to back, indicated by a
movement of the finger when they heard the sound and when
they did not. This made it possible for the experimenter to
determine, with the aid of a stop-watch, the difference in the
ringing-off time for the two observers. Lest there might be an
inequality in the carrying-power of the two auscultation tubes,
their use was alternated between the observers.

In eight trials with the lower fork, the control observer could
hear it for an average of 13.5 seconds longer than Miss Evans ;
average deviation 1 second. The higher fork died away more
rapidly,and here the difference in ringing-off times for the two ob-
servers averaged 7 seconds, average deviation less than 1 second.
Lastly the two forks were sounded together, and the length of
time that the difference-tone could be distinguished was re-
corded, together with the time between the disappearance of the
difference-tone and the disappearance of the primaries for each
observer. The experimenter had no check on the introspec-
tions of the observer as to the length of time the difference-tone
was audible, as it was impossible for him to vary its intensity
without modifying the primaries. Under such circumstances
the imagination is certain to be a dangerous factor, and the
difference-tone will sometimes continue to be reported as heard
after it has passed below the limit of audibility. The higher of
the two forks always died away before the lower, and if it were
actuated lightly again, immediately after the difference-tone was
reported as lost, the difference-tone did not always reappear,
although if this primary were made as loud as the other, the
difference-tone was once more reported as audible. Now for
Miss Evans, the difference between the ringing-off times of the
separate forks, 6.5 seconds, was only one second shorter than
the average time between the disappearance of the difference-
tone and the varnishing of the louder, lower primary. Appar-
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ently the difference-tone could be heard nearly as long as both
primaries continued to be audible. This was not the case with
the control observer, who lost the difference-tone six seconds
before he ceased to hear the weaker primary. One is forced
to suspect that Miss Evans continued to hear the difference-tone
in imagination after it had passed below her limit of audibility.
She herself remarked upon her uncertainty in distinguishing
between vanishing sensation and vivid image. How difficult
this discrimination is, those who have practiced clang analysis
well know. Because this undetermined factor was present, the
quantitative results are unreliable, and one cannot assert with
confidence the conclusion which the experiments strongly sug-
gested, that Miss Evans' hearing for difference-tones is rela-
tively better than that of a normal observer with intact tympanic
membranes.1

A few tests in auditory localization in the horizontal plane
were made in August, 1906. Use was made of the relatively
pure tone of a tuning fork, the clangs of a stopped pipe and a
reed pipe and the noise of a metallic click. The ease and accu-
racy of localization was in proportion to the complexity of the
sound rather than to its intensity. Of the errors made with
sounds not in the median plane, somewhat more than half were
on the right side. At the present time, Bard2 is championing
the theory that the middle ear contains a mechanism which
accommodates to distance and direction. The nature of the
rhythmic movements of the chain of ossicles is in part deter-
mined by the angle of incidence of the sound-wave upon the
membrane, and the perpendicular and tangential components of
this motion supply elements to the inner ear which are significant
for orientation of the origin of the sound. The tensor tympani
adapts the tension of the drum-membrane to weak or loud sounds.

1 Since the above was placed in type the writer has learned that K. S.
Schaefer has found in Berlin several cases of patients who hear without drum
membranes, and some who lack the larger ossicles; and all are able to hear dif-
ference-tones. A full description of these interesting cases with a discussion of
their bearing upon theories of difference-tones may be expected soon from Dr.
Schaefer's pen.

*' Des diverses modalites des monvements de la chaine des osselets.'/oar.
Physiol. Pathol., 1905, VII., 665.
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The stapedius however, according to Bard, is autonomous and
not antagonistic. It draws backward the head of the stapes,
and with it the whole chain and the handle of the malleus,
making tense the anterior portion of the drum-membrane, relax-
ing the posterior portion, and adapting for the distance of the
sound. The significance for such a theory of data obtained
from an observer who lacks this accommodatory mechanism is
obvious, and it is regretted that it was not possible to carry
through an extended series of localization tests.

Summary. — A person who through disease and operation
lost the tympanic membrane and most of the ossicular chain of
both ears is not ' hard-of-hearing' but possesses very efficient
auditory acuity. The foot-plate of the stapes in each ear is
covered by scar tissue, and it is possible that if the vibrations of
the stapes were not thus hindered, auditory acuity would be fully
normal. Sensitivity in other sense realms is not supernormal.
Absence of the tympanic membranes does not prevent genera-
tion of ' subjective' difference-tones.

As to the significance of the tympanic mechanism in audi-
tion, such a case as this one suggests that the physical sound-
conducting functions have been quite generally over-emphasized ;
while the physiological, protective functions have been treated
with neglect. What the eye-lid does for the eye, the drum
membrane does for the ear. It protects delicate structures
against irritation and injury, and permits the inner membranes
to be kept moist and in a condition of maximum efficiency.1

1 The -writer desires to express his gratitude to Professor B. B. Breese for his
kindness in granting, for the second set of tests, the privileges of the psycho-
logical laboratory of the University of Cincinnati.


